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(57) There is provided a semiconductor integrated 
circuit, a logic operation circuit and a flip flop. capable of 
operating at a high speed and having a leak electric cur- 
rent reduced. 

In a semiconductor integrated circuit according to. 
the present invention, only a gate circuit on a critical path 
is constituted by an MT.gate cell obtained by conibining 



transistors having a low threshold voltage with triansis- 
tors having a high threshold voltajgei and any other gate, 
circuit is constituted by a transistor having a high thresh- 
old voltage. Consequently, the gate circuit on the critical 
path can be. operated at a high speed, and the overall 
leak electric current can be suppressed, thereby reduc- 
ing the consumption power. 
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Description 

BACKGROUND OF THE INVENTION 
(I) Field of the Invention 

[0001] The present invention relates to a semiconduo 
tor integrated circuitconstituted by combining a plurality 
of transistors, a logic operation circuit, and a flip flop, 
and more particularly to a technique for reducing con- 
sumption power and Improving a signal transmission 
rate. 

(ii) Description df the Related Art 

[0002] Jnorderto increase the speed of a CMOS logic 
circuit, the circuit must be constituted by transistors with 
a low ^re^hold voltage. However, when the threshold 
voltage of the transistors lowers, a leak (electric current 
increases at the time of standby. To avoid this probiem, 
there is proposed an MT (Multiple Threshold voltage) 
-CMOS circuit which can simultaneously achieve the 
high-speed operation of the circuit and the low leak elec- 
tric current at the time of standby. 
[0003] FIG. 9 is a conventional circuit diagram of the 
MT-CMOS circuit. The circuit shown in FIG. 9 includes 
a Low-Vth block 1 vyhich is connected between a virtual 
power supply line VDD1 and a virtual ground line VSS1 
and constituted by a plurality of transistors having a low 
threshold voltage, a transistor Q1 which is connected 
between the virtual power supply line VDD1 and a power 
supply line VDD and has a high threshold voltage, and 
a transistor Q2 which is connected between the virtual 
ground line VSS1 and a ground line VSS and has a low 
threshold voltage. 

[0004] . In the operation (active), the both transistors 
Q1 and 02 are turned on, and a power supply voltage 

. is supplied to the Low-Vth block 1. Since the LbW7Vth 
block 1 is constituted by a transistor having a low thresh- 
old voltage, it operates at a high speed. 
[0005] On the other hand, in the standby mode, this 

' both transistors Q1 and Q2 are turned ofF, and a leak 
path extending from the power supply line to the ground 
lineis shut off, thereby reducing the leak electric current. 
[0006] However, since the ON resistance exists in the 
transistors Q1 and Q2 illustrated in Fig. 9, the potential 
of the virtual power supply line and the virtual ground 
line tends to be unstable in active state, and the circuit 
operation of the entire Low-Vth block 1 also becomes 
unstable. 

[0007] Farther, when the Low-Vth block 1 is active, 
since the leak electric current flows from the power sup- 
ply line to the ground line through the leak path, it is dif- 
ficult to reduce the leak electric current in this period. 
Furthermore, since a transistor haying a high threshold 
voltage must be added besides the Low-Vth block 1 , a 
circuit area increases, and data held in a flip flop or a 
latch in the Low-Vth block 1 is disadvantageously lost 



in the standby mode. 

[0008] On the other hand, in order to minimize these 
problems, there is proposed such a circuit as shown in 
FIG. 10 in which only some cells in the logic circuit are 

5 replaced with transistors having a lowthreshold voltage. 
A heavy line in FIG. 10 indicates a cell constituted by 
using transistors having a low threshold voltage. 
[0009] However, when each of some cells is consti- 
tuted by transistors having a low threshold voltage as 

10 shown in FIG. 10, since the leak electric current flows 
to this cell, it is impossible to satisfy a demand to reduce 
the consumption power as much as possible in the 
standby rhode (waiting period) as in a mobile phone and 
the like. . 

15 , 

SUMMARY OF THE INVENTION 

[0010] In view of the above-described problems, it is 
an object of the present invention to provide a semicon- 

20 ductor integrated circuit, a logic operation circuit and a 
flip flop capable of performing high-speed operation and 
• have a leak electric current reduced. 
[001 1] To achieve this object, according to the present 
invention, there is provided a semiconductor integrated 

25 circuit comprising: a plurality of gate circuits; and a con- 
trol circuit configured to control the operation of some 
gate circuits among the plurality of gate circuits, each of 
some gate circuits among the plurality of gate circuits 
including: a ioglc circuit constituted by a plurality of first 

30 transistors; and a switch circuit which can swltcii wheth^ 
er a power supply voltage is supplied to the logic circuit, 
is constituted by a second transistor having a threshold 
voltage higher than that of the first tranisistor, and is con- 
trolled by the control circuit. 

35 [0012] According to the present invention, since only 
some gate circuits in the semiconductor integrated cir- 
cuit are constituted by using transistors having a low 
threshold voltage, the speed of, e.g., only a part that ac- 
curate timing is required can be increased by using the 

40 transistors having a lowthreshold voltage, and any other 
part can be constituted by using the transistors having 
a reduced teak electric current and a high threshold volt- 
age. As a result, both increase in speed and reduction 
in consumption power can be achieved. 

45 [0013] Moreover, all the gate circuits in the semicon- 
ductor integrated circuit are constituted by transistors 
having a high threshold voltage and a low threshold volt- 
age in the conventional MT-CMOS circuit, whereas only 
part of the gate circuits (for example, only a gate circuit 

50 on a critical path) is constituted by transistors having a 
high threshold voltage and a lowthreshold voltage in the 
present invention. Therefore, a device forming area of 
the circuit can be reduced as compared with the prior 
• art MT-CMOS circuit, thereby attaining high integration. 

55 [0014] In addition, according to the present inviention, 
there is provided a logic operation circuit comprising: a 
gate circuit constituted by a plurality of first transistors; 
and a second transistor which is connected between a 
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second reference voltage line and the virtual voltage line 
and has a threshold voltage higher than that of the first' 
transistor, a source/drain terminal of the first transistor 
In the gate circuit being connected to either a source/ 
drain terminal of another first transistor in the gate circuit 5 
or an output terminal of the gate drcuit. 
[0015] Additionally, according to the present inven- 
tion, there is provided a logic operation circuit compris- 
ing: a gate drcuit vvhich is connected between a first ref- 
erence voltage line and a virtual voltage line and consti- 
tuted by a plurality of first transistors; and a second tran- 
sistor which is connected between the virtuar voltage 
line, and a second i-eference voltage line and has a 
threshold voltage higher than that of the first transistor; 
and a third transiistor which Is connected between the 
first reference voltage line and an output terminal of the 
gate circuit and has a threshold voltage higher thian that 
of the first transistor, the second and third transistors 
being on/off-controlled in . such a manner that one of 
them is turned on vyhile the other is turned off and vice . 
versa. 

[0016] Further, according to the present invention, 
there is provided a logic operation circuit comprising: a 
gate circuit constituted by a plurality of first transistors 
and connected to first and second virtual ypltage lines;, 
a second transistor which Is connected between a first 
reference voltage line and the first virtual voltage line 
and has a threshold voltage higher than that of the first 
.transistor; a third transistor which is connected between 
a second reference voltage line arid the second virtual 
voltage line and has a thrieshold voltage higher than that 
of the first transistor; and a storage circuit capable of 
holding output logic of the. gate circuit, the second and 
the third transistors being controlled to be OFF when the 
storage circuit holds the output logic of the gate circuit, 
and the second and third transistors being controlled to 
be ON when the storage circuit does not hold the output 
Ipgic.of the gate circuit. 

[0017] Furtherrhore, according to the present inven- 
tion, there is provided a logic pperatbn circuit compris- 
ing: a gate circuit which is constituted by a plurality of 
first transistors and conriected to first and second yirtual 
voltage lines; a second transistor which is connected be- 
tween a first reference voltage line and the first virtual 
voltage line and has a threshold voltage higher than that 
pf the first transistor; a third transistor which is connect- 
ed between a second reference voltage line and the sec- 
ond virtual voltage line and has a threshold voltage high- 
er than that of the first transistor, and a bypass circuit 
which is connected to the gate drcuit in parallel and in- 
stituted by a circuit which is substanfially equal to the 
gate circuit by using a plurality of fourth transistors hav- 
ing a threshold voltage higher than that of the first tran-. 
sistor, the bypass dix:uit being connected between the 
first and second reference voltage lines. 



BRIEF DESCRIPTION OF THE DRAWINGS 
[0018] 

FIG. 1 is a drcuit diagram showing a first embodi- 
ment of a semiconductor integrated circuit accord- 
ing to the present invention; 

FIG. 2 is a convenfional circuit diagram correspond- 
ing to the circuit illustrated in FIG. 1; 
FIG. 3 Is a circuit diagram. showing a first concrete 
example of an MT gate cell consititgting a gate cir- 
cuit 1 depicted in FIG. 1; 

FIG. 4 is a circuit diagram showing a second con- 
crete example of the MT gate cell; 
FIG. 5 is a circuit diagram showing a third concrete 
example of the MT gate cell; 
FIG. 6 is a circuit diagram showing a fourth concrete 
example of the MT gate cell; 

FIG. 7A is a symbol diagram showing a composite 
gate having no intermediate node, and FIG. 7B is 
an Iniemal circuit diagram of FIGl 7A; 
FIG. 8 is a circuit diagram showing a second em- 
bodiment of a semiconductor iritegrated circuit ac- 
cording to the present invention; 
FIG. . 9 is a convenfional circuit diagram of an . 
MT-CMOS circuit; and 

FIG. 10 is a convenfional circuit diagram in which 
. only some cells in a logic circuit are replaced with 
transistors having a low threshold voltage. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS : . 

[0019] A serniconductor integrated drcuit according 
to the present invenfion will now be concretely described 
with reference to the accompanying drawings. 

(First Embodiment) 

[0020] A first embodiment adopts an SMT (Selective 
MT)-CMOS,drcuit system in which most of gate circuits 
in a semiconductor Integrated drcuit are coristituted by 
transistors having a high threshold voltage and only 
some gate circuits are constituted by combining transis- 
tors having a high threshold voltage with transistors hav- 
ing a lov»( threshold voltage, thereby increasing signal 
transmission rate and redudng consumpfion power.. 
The gate circuit constituted by combining transistors 
having a high threshold voltage and transistors having 
a low threshold voltage will be referred to as an MT gate 
cell hereinafter. 

[0021] FIG. ,1 is a circuit diagram of the first embodi- 
ment of the semiconductor integrated circuit according 
to the present invention. In the circuit depicted in FIG. 
1 , only the gate drcuit 1 on a crifical path is constituted 
by combining transistors having a low threshold voltage 
with transistors having a high threshold voltage, and any 
other gate drcuit 1 is constituted by transistors having 
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a high threshold voltage. 

[0022] In FIG. 1, the gate circuit 1 on the critical path 
is indicated by oblique lines. The gate circuit 1 indicated 
by the oblique lines is constituted by an MT gate cell 
constituted by a transistor having a high threshold volt- 
age (second transistor) and a transistor having a low 
threshold voltage (first transistor). This MTgate cell nriay 
have the circuit structuris s|mllar to that In FIG. 9 or a 
latei'-described circuit structure. 

[0023] Each sNA^tch circuit .1 0 for switching whether a 
power supply voltage is supplied to the MT gate cell Is 
connected to a power supply line of the MT gate cell 
shown in FIG. 1. This switch circuit 10 is constituted by 
a PM OS transistor connected to a power supply voltage 
terminal VDD and an NMOS transistor connected to a 
ground Voltage terminal. Moreover, a control circuit 2 for 
controlling the switch circuit 10 is provided in the circuit 
depicted in FIG. 1 . The control circuit 2 In FIG. 1 controls 
ON/OFF of the PMOS transistor and the NMOS transis- 
tor within the switch circuit 1 0 to switch whether the pow- 
er supply voltage Is supplied to the MT gate cell. 
[0024] On the other hand, FIG. 2 is a conventional cir- 
cuit diagram corresponding to the circuit depicted in 
FIG. 1. As apparent from FIGS. 1 and 2, the circuit 
shown in FIG. 1 is different from the circuit illustrated in 
FIG. 2 iri that the MT gate cell substitutes for the gate 
circuit 1 on the critical path and that the control circuit 2 
for switching whether the power is supplied to the-MT 
gate cell Is provided. 

[0025] In case of FIG. 1 circuit, since the gate circuit * 
1 on the critical path is constituted by the MT gate cell, 
the signal transmission rate on the critical path can be 
increased. On the other hand, since any other circuit Is 
constituted by a transistor having a high threshold volt- 
age, the leak electric current can be suppressed in ac- . 
tive statb. 

[0026] FIG. 3 is a circuit diagram showing a fiirst con-. 
Crete example of an MT gate cell constituting the gate 
circuit 1 of FIG. 1 . The circuit of FIG. 3 Includes an NAND 
circuit (gate circuit) 3 composed of transistors having a 
low threshold voltage, and a transistor (second transis- 
tor) Q1 for swrtchfng whether the power supply voltage 
is supplied to the NAND circuit 3. This transistor Q1 is 
a PMOS transjistor having a high threshold voltage. 
[0027] In case of the circuit illustrated in FIG. 3, when 
the tranisistor Q1 is turned on, the power supply voltage 
Is supplied to the NAND circuit 3, and this NAND circuit 
3 operates at a high speed. On the other hand, when 
the transistor Q1 is turned off. the leak path of the NAND 
circuit 3 is shut off, .tliereby reducing the leak electric 
current. 

[0028] Since the circuit depicted in FIG. 3 has the 
NAND. circuit 3 directly connected to a ground line VSS, 
the leak path can be a.ssuredly shut off by tuming off the 
transistor Q1 when the NAND circuit 3 is in the standby 
mode. As a result, the consuniption power in the stand- 
by mode can be decreased. 

[0029] On the other hand, FIG. 4 is a drcuit diagram 



showing a second concrete example of the MT gate cell. 
The circuit shown in FIG. 4 includes: an NAND circuit 
(gate circuit) 3 connected between a power supply line 
VDD and a virtual ground line VSS1, a transistor (sec- 
5 ond transistor) Q2 connected between the virtual 
ground line VSS1 and a ground line VSS, and a transis- 
tor (third transistor) Q3 connected between an output 
terminal of the NAND circuit 3 and the power supply line 
VDD. 

10 [0030] The NAND circuit 3 is constituted by transistors 
having a low.threshold voltage, and the transistors Q2 
and Q3 are transistors having a high threshold voltage. 
[0031] |n case of the circuit shown in FIG. 4, when one 
of the transistors Q2 and Q3 is tumeid on, the other is 

15 turned off, and vice versa. When the transistor Q2 is 
turned on, th3 power supply voltage Is supplied to the 
NAND circuit 3 arid the NAND circuit 3 operates at a 
high speed. At this moment, since the transistor Q3 is 
in the OFF state, an output of the NAND circuit 3 Is given 

20 .from its output terminaL On the other hand, when the 
transistor Q2 is turned off, the leak path of the NAND 
circuit 3 is shut off, and the HAND circuit 3 enters the 
standby mode. At this time, the transistor Q3 is turned 
ori and the output terminal is pulled up to the high level. 

25 [0032] In case of the circuit illustrated in FIG. 4, the 
transistor Q3 is connected to the output terminal of the 
NAND circuit 3 so that the output logic of the NAND cir- 
cuit does not become unstable in the standby mode. 
; This prevents the intermediate potential' from being 

30 propagated to the gate circuit 1 on the rear stage (not 
shown), and a passing electric current does not flow to . 
the gate circuit 1 on the rear stage. 
[0033] On the other hand, FIG. 5 is a circuit diagram 
showing a thrrd concrete example of the MT gate cell. 

35 The circuit shown in FIG. 5 includes: an NAND circuit 
(gate circuit) 3 connected betwe.en a virtual power sup- 
ply line VDD1 and a virtual ground line VSSli a transis- 
tor (second transistor) Q1 connected between the virtual 
power supply line VDD1 and a power supply line VDD, 

^0 a transistor (third transistor) Q2 connected between the 
virtual ground line VSS1 and a ground line VSS, and a 
datd holding circuit (storage circuit) 4 connected to an 
output terminal of the NAND circuit 3. 
[0034] The NAND circuit 3 is constituted by transistors 

^ having a low threshold voltage, and the transistors Q1 
and Q2 are transistors having a high threshold voltage. 
[0035] The data holding drcuit 4 has an inverter 5 con- 
nected to the output terminal of the NAND circuit 3, and 
. a clocked inverter 6 connected, between an output ter- 

50 minal of the inverter 5 and the output terminal of the 
NAND circuit 3. The clocked inverter 6 does not perform 
the data holding operation in the active mode when the 
transistors Q1 and Q2 are ON, but holds the output logic 
of the NAND circuit 3 In the standby mode when the tran- 

55 sisters Q1 and Q2 are OFF. 

[0036] In the circuit shown In FIG. 5, since the data Is 
held in the data holding circuit 4 in the standby mode, a 
passing electric current does not flow to the gate circuit 
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1 on the rear stage as similar to the circuit in FIG. 4. In 
addition, since a signal is not propagated at the time of 
reactivation, the time required for reactivation is short 
and the consumption power used by reactivation is also 
smalL 

[0037] On the other hand, FIG. 6 is a circuit diagram 
showing a fourth concrete example of the MT gate cell. 
The circuit illustrated in FIG. 6 is similarly constituted as 
the circuit in FIG. 5 except that a bypass circuit 7 is pro- 
vided Instiead of the data holding circuit. 
[0038] The bypass circuit 7 in FIG. 6 has the same 
circuit structure as the NAND circuit 3. and is connected 
between a power supply lirie VDD and a ground line 
VSS and connected to the NAND circuit 3 in parallel. 
However, the NAND circuit 3 is constituted by transistors 
having a low threshold voltage, whereas the bypass cir- 
cuit 7 is constituted by transistors having a high thresh- 
old voltage. 

. [0039] . The NAND circuit 3 becomes active only when 
the transistors Q1 and Q2 are ON, whereas the bypass 
circuit 7 Is constantly active. 

[0040] When the transistors Q1 and Q2 are ON, the 
NAND circuit 3 and the bypass circuit 7 output signals 
having the same logic. On the other hand, when the tran- 
sistors Q1 and Q2 are OFF, the NAND circuit 3 does not 
operate, but the bypass circuit 7 continuously operates, 
and hence the output logic of the circuit In FIG, 6 does 
not become unstable. Thus, this prevents the interme- 
diate potential from being propagated to the gate circuit 
1 on the rear stage, and the passing electric current 
does not flow to the gate circuit 1 on the rear stage. 
[0041] As described above, in the first embodlrhent, 
only some gate circuits 1 in the semiconductor ihtegrat- 
ed circuit (for example, the gate circuit 1 on the critical 
path) are constituted by the MT gate cells, and any other 
gate circuits 1 are constituted by transistors having a 
high threshold voltage. Therefore, only some gate cir- 
cuits 1 can operate at a high speed, and the overall leak 
electric current can be suppressed, thereby reducing 
the consumption power. 

[0042] Although examples in which the HAND circuit 
3 is provided in the MT gate cell have been described 
with, reference to FIGS. 3 to 6, any other gate circuit 1 
than the NAND circuit 3 may be provided. However, this 
embodiment is characterized in that the transistors m 
the gate circuit having no intermediate nodie are consti- 
tuted by transistors having a low threshold voltage. 
[0043] For example, FIG. 7A shows an example of a 
gate circuit having ho intermediate node and depicts a 
composite gate circuit obtained by combining an AND 
gate, an OR gate and an NAND gate. As shown in FIG. 
7B in detail, the gate circuit shown in FIG. 7A is consti^ 
tuted by PMOS transistors Q4 to Q7 and NMOS tran- 
sistors Q8 to Q11. Input signals A to D are inputted to 
respective gate terminals of the transistors Q4 to Q11. 
Each source/drain terminal of the transistors Q4 to Q11 
is connected to a source/drain terminal of another tran- 
sistor or an output terminal Z. That is,, a number of stag- 



es that the input signals A to D pass through any gate 
terminal of the transistors C34 to Q11 is only one. 
[0044] Since the threshold voltage of the transistors 
constituting such a gate circuit having no intermediate 
5 node within the MT gatis cell as shown in FIG. 7A is set 
lower than the threshold voltage of the transistors con- 
stituting other drcuits, only this gate circuit can be driven 
at a high speed. 

[0045] Incidentally, as the gate circuit having no inter-, 
mediate node, various kinds of composite gate circuits 
such as shown in FIG. 7A can be considered besides 
basic NAND circuits or NOR circuits. 

(Second Embodiment) 

15 

[0046] A second iernbodlment constitutes some gate 
circuits 1 in a flip flop are constituted by MT gate cells. 
[0047] FIG. 8 is a circuit diagram showing a second 
embodiment of a semiconductor integrated circuit ac- 

20 cording to the present invention. The semiconductor in^ 
tegrated circuit shown in FIG: 8 is a D flip flop, and this 
D flip flop Is constituted by clocked inverters (first and 
second conduction interception circuits) 11 and 12 con- 
sisting of MT gate cells, inverters 13 to 15, and storage 

25 circuits (first and second stprage circuits) 16 and 17 con- 
sisting of transistors having a high threshold value. The 
storage circuits 16 and 17 are constituted by the invert- 
ers and the clocked inverters as similar to the data hold- 
ing circuit 4 shown in FIG, 5. 

30 [0048] The storage circuits 16 and 17 in the flip flop 
are used for holding the output logic of the clocked in- 
verter on a preceding stage and rarely affect the oper- 
ation speed of the flip flop. Therefore, in this embodi- 
ment, the storage circuit is constituted by transistors 

35 having a high threshold value, thereby reducing the leak 
electric current. 

[0049] On the other hand, the clocked inverters 11 
and 12 and the inverters 13 to 15 in the flip flop are con- 
stituted by the MT gate cells as similar to FIGS. 3 to 6. 
40 Since the clocked Inverters 11 and 12 and the inverters 
13to 15functiqntotransmits(gnals,theoperation speed 
of the flip flop can.be Improved by constituting these in- 
verters by. the MT gate cells. 

[0050] As described above, in the second embodi- 
es ment, among a plurality of circuits constituting the flip 
flop, since only the clocked inverters 11 and 12 and the 
inverters 13 to 15 which affect the operation speed are 
' formed by the MT gate cells and any other circuits are 
. . constituted by transistors having a high threshold volt- 
50 age, the operation speed pf the flip flop can be improved 
while the leak electric current can be reduced. 
[0051] Incidentally, although ah example in which the 
D flip flop is constituted has been described with refer- 
ence to FIG. 8, the present invention can be similariy 
55 . applied to various kinds of flip flops other than the D flip 
flop. For example, although the inverters 13 to 15 are 
connected to the rear stage of the storage circuit 1 7. any 
circuit other than the inverters may be connected to the 
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rear stage of the storage circuit 17. 
[0052] Further, the circuit structure of the storage cir- 
cuits 16 and 17 is not restricted to a specific type. For 
example, inverters may substitute for the clocl<ed invert- 
ers in the storage circuits 16 and 17. 



Claims 

1. A semiconductor integrated circuit comprising: 

a plurality of gate circuits; and 
a control circuit configured to control the oper- 
ation of some gate circuits among said plurality 
of gate circuits, 

each of said some gate circuits among said plu- 
rality of gate drcuits including: 

a logic circuit, constituted by a plurality pf 
first transistors; and . 
a svyitch circuit which can switch whether 
a power supply voltage is supplied to said 
logic circuit, is constituted by a second 
transistor having a threshold voltage high- 
er than that of said first transistor, and Is 
controlled by said control circuit. 

2- The semiconductor integrated circuit according to 
claim 1 , wherein said some gate circuits are provid- 
ed on a critical path. 

3- A logic operatibn circuit comprising: - 

a gate circuit which is connected between a vir- 
tual voltage line and a first reference voltage 
line and constituted by a plurality of first ^tran- 
sistors; and 

a second transistor which is connected be- 
tween a second reference voltage line and said 
virtual voltage line and constituted by a transis- 
tor having a threshold voltage higher than that 
of said first transistor, 

a source/drain terminal of said first transistor in 
said gate circuit belrig connected to either, a 
. source/drain terminal of ahother first transistor 
in said gate circuit or an output terminal of said 
gate circuit. 

4. A semiconductor Integrated circuit, wherein said 
logic operation circuit defined in claim 3 is provided 
on a critical path. 

5. A logia operation circuit comprising: 

a gate circuit vyhich Is connected between a first 
- reference voltage line and a virtual voltage line 
and constituted by a plurality oiF first transistors; 
a second transistor which is connected be- 



tween said virtual voltage line and a second ref- 
erence voltage line and has a threshold voltage 
higher than that of said first transistor, and 
a third transistor which is connected between 
5 . said first reference voltage line and an output 

terminal of said gate circuit and has a threshold 
voltage higher than that of said first transistor, 
said second and third transistors being on/ofF- 
controlled in such a manner that one of them is 
10 turned on while the other is turned off and vice 

versa. 

6. The logic operation circuit according to claim 5, 
wherein a source/drain terminal of said first transls- 
15 tor in said gate circuit is connected to either a 
source/drain terminal of another first transistor In 
said gate circuit or an output terminal of said gate 
circuit. 

20 7. A semiconductor . Integrated circuit, wherein said 
logic operation circuit defined in claim 5 is provided 
on a critical path. 

8. A logic operation circuit comprislrig: 

25 ' ■ 

a gate circuit which fs constituted by a plurality 
of first transistors and connected to first and 
second virtual voltage lines;- 
a second transistor which is connected be- 
30 tween a first refers nee voltage line and said first 

virtual voltage line and has a threshold voltage 
higher than said first transistor; 
a third transistor which is connected between a 
second reference vdltage line and said second 
35 . . virtual voltage line and has a threshold voltage 
higher than that of said first transistor, and 
a storage circuit capable of holding output logic 
of said gate circuit, 

said second and third transistors being' control- 
40 lecj to be OFF when said storage circuit holds 

. said output logic of said gate circuit, and said 
second and third transistors being controlled to 
be ON when said storage circuit does not hold 
said output logic of said gate circuit. 

45 ' . 

9. The logic operation circuit according to claim 8, 
wherein a source/drain terminal of said first transis- 
tor in said gate circuit is connected to either a 
source/drain terminal of another first transistor in 

50 said gate circuit or an output terrninal of said gate 
circuit. 

10. A semiconductor integrated circuit, wherein said 
, logic operation circuit defined in claim 8 Is provided 

55 on a critical path. 



11. A logic operation circuit cdmjairising: 
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a gate circuit which is constituted by a plurality 
of first transistors and connected to first and 
second virtual voltage lines; 
a second transistor which is connected be- 
tween a first reference voltage line and said first 5 
virtual voltage line and has a threshold voltage 
higher than that of said first transistor; 
a third transistor which Is connected between a 
. second reference voltage line and said second 
virtual voltage line and has a threshold voltage io 
higher than that of said first transistor; and 
a bypass circuit which is connected to said gate 
circuit in parallel and constituted by a circuit . 
siiibstantiatly equal to said gate circuit by using 
a plurality of fourth transistors having a thresh- is 
old voltage higher than that of said first tr*ansis- 
tor, . 

said bypass circuit t>elng connected between 
said first and second reference voltage lines. 

20. 

12. The logic operation circuit according to claim 11,. 
wherein a source/drain terminal of said first transis- . . 
tor In* said gate circuit is connected to either a 
source/drain terminal of another first transistor in 
said gate circuit or an output terminal of said gate 25 
terminal. 

13. A semiconductor integrated circuit, wherein said 
logic operation circuit defined in claim 1 1 1s provided 

on a critical path. 30, 

14. A filp flop comprising: . 

a first conduction interception circuit capable of 
switching conduction or shutoff between an In- 35 
put terminal and an output terminal; 
a first storage circuit capable of holding output 
logic of said first conduction interception circuit; 
a second conduction- interception circuit which 
is capable of switching conduction or shutoff 40 
between an input terminal and an output termi- 
nal, and has said input terminal being connect- 
. ed to an output terminal of said first storage cir- 
cuit; and 

a second storage circuit capable of holding out- 45 
put logic of said second conduction interception 
circuit, 

said first and second conduction interception 
circuits being constituted by said logic opera- 
tion circuits define.d in claim 3, so 
said first and second storage circuits being con- 
stltutfed by transistors having a threshold volt- 
age higher than those of said gate drcuits in . 
said first and second conduction interception 
circuits.. ss 

15. A flip flop comprising: 



a first conduction interception circuit capable of 
switching conduction or shutoff between an in- 
put terminal and an output terminal; 
a first storage circuit capable of holding output 
logic of said first conduction interception circuit; 
a second conduction interception circuit which 
is capable of switching conduction or shutoff 
between an input terminal and an output termi- 
nal and has said input terminal being connected 
to an output terminal of said first storage circuit; 
arid 

a second storage circuit capable of holding out- 
put logic of said second conduction Interception 
. circuit, 

said first and second conduction interception 
circuits being constituted by said logic opera- 
tion circuits defined in claim 5, 
. said first and second storage circuits being con- 
stituted by transistors having a threshold volt- 
age higher than those of said gate circuits in 
said first and second conduction interception 
circuits. 

1 6. A flip flop comprising: 

a first conduction interception circuit capable of 
switching conduction or interception between 
an input terminal and an output terminal; 
a first storage circuit capable of holding output 
logic of said first conduction interception circuit; 
a second conduction interception circuit which 
is capable of switching conduction or intercep- 
tion between an Input terminal and ah output 
terminal and has said Input terminal being con- 
nected to an output terminal of said first storage 
drcuit; 

and a second storage circuit capable of holding 
output logic of said second conduction. Inter- 
ception circuit, 

said first and second conduction Interception 
circuits being constituted by said logic opera- 
tion circuits defined In claim 8, . 
said first and second storage circuits being con- 
stituted by transistors having a threshold volt- 
age higher than those of said gate circuits In 
said first and second conduction interception 
circuits. 

1 7. A flip flop comprising: 

a first conduction interception circuit capable, of 
switching conduction or shutoff between an in- 
put terminal and an output terminai; 
' afirst storage circuit capable of holding output 
logic of said flrst conduction Interception circuit; 
a second conduction interception circuit which 
Is capable of switching conduction or shutoff 
betvveen an input terminal and an output tenml- 
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nal and has siaid input terminal being connected 
. to an output terminal of said first storage circuit; 
arid 

a second storage circuit capable of holding out- 
put logic of said second conduction Interception ^ 

circuit, 

said first and second conduction interception 
circuits being cohstitu^ted by said logic opera- ^ 
tion circuits definied in claim 11, 
said first and second storage circuits being con- io 
stituted by transistors having a threshold volt- 
age higher than those of said gate circuits in 
satid first and second conduction interception 
circuits. 
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